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A STUDY OF MARINE MYXOBACTERIA

STATEMENT OF PROBLEMS

This invest:lgation is concerned with the study of myxobacteria

from the marine habitat o These microorganisms, referred to as Itslime
!

babteriaJ)u do not normally develop on the culture media conunonly employed

in the bacterial anal:rsis of sea water 0

There is li-::,tle published information on aquatic types of

10b!l-cteria. and the .majority ·of our information on m;yxobacteria has

cor.e from the study o:~ terrestrial tOl'llll!. ThesE:! are best known because

oflthe occurrence of complex life cYcles. and because many of them are

capable of 'utilizing high molecular compounds such aa cellulose and
I .

chitino However, studies carried out at the University of 1tJashingtoD

bylone of us (Eo Jo OJ."dal) have shown that myxobac~eria'are common in

th aqueous habitats o In fresh water a wide variety of well=defined
I

saprophytic and paras:.tic myxobacteria have been found o Some of these
I .

carse serious disease!l in fish•. Preliminary studies have shown that

;I:b:::::n

a

: :::u:

r

::::

1

;0::.wa::r:d:::::~::b:t::::c:::ion
of, en found in sample:, of aged sea water which have been stored in the

dark 0 This ·in£ormati.oD; coupled with the well-knewn habit of development

on; surfaces, suggested that myxobacteria might be concerned with the
i

nn.neralization of relatively stable organic compounds such as found in
I .

animal and plant detritUB 0

I

...iv-



Marine ~~otacteria ware sought in samples of sea water and

sediments from Port Or'chard o Itl addition, several samples of aged sea

water from the Beaufort, Sea were selected for studyo

It was fOUDe necessary to devise special methods and media
i

fo~ the isolation of n~yxobacteriaQ Also, studies on the physiology of
i

ma~ine ~obacteria were carried out as a prerequisite to obtaining
I

I

krl"ledge

I

I

olthe funct.ion and distribution of myxobacteria in the sea:;.



A STUDY OF MARINE MYXOBACTERIA

INTRODUCTION

The group of organisms which constitute the present-day order

~obacteriales was r~cognized in the late nineteenth centuryo Fun-
j

dalnental knowledge co.ncerning these bacteria has accumulated slowly

anb is sadly lacking if one considers their widespread abundance and
. !
thF considerable length of time which has elapsed since the tir~t

de~criPtion of a mem~er of this group in the early eighteen hundreds o

The apparent lag or dormancy of interest in the myxobacteria

may be accounted for if one considers that their initial descrip'Gions
I .were made by the cryp·~ogamic botanist rather than the bacteriologist.

and that pure culture study was hampered by lack of suitable isolation

t+hniques 0 Furthermore. t he group did not include the imperfect

myxobacteria until recently (Stanier, 1940), and hence was limited to

t~ higher fruiting forms. In addition. the peculiar morphological

trlits of the recognized species aroused the interest of the morphologist
I
I

rather than the bioch~mist or the physiologisto This latter fact is

e~denced by the morphological definition and separation of the order
I
I

MyXobacteriales into ramilies, and by the significant absence of bio-

chemical and physiological differentiation of all but a few specieso
I

I

I

I The major part of the literature pertaining to members of the
I

orber Myxobacteriales is concerned with morphological investigations of
I

t~e terrestrial forms c Although little work has been published con­
I

ce~ing the aquatic myxobac~eria, a start has been· made in this direction



by Ordal (1953) ',;ho has consistently observed and isola~ljed nwx(}bGicteri~

from iiquatic habitatB~ Otherwise the aquatic forms have been neglected

to a great ~xten.Jc,') ~'hey have been studied in this laboratory from both

marine and fresh trlat(;~r enviro~.m~nts0 The~r have been observed in associ­

ation tiith fish and :z.quatic plant life o Some members have btl;en fou.nd

responsible fer epizClotics in salmono Furthermore, the etiological

role of the aquat:lc JilJ,xobacteria accentuates the ni!led for additional

study of these form£;( l'llis investigation is an a:t,tcmptl to add to our

knolvledge of the mari.n~ member's of the orderJ and to emphasize the need

for further biochemical and physiological characterization as a supplement

to the present morphclogical delineation of '~he order an.d member·s of the

order.;.

The mjrAobact~ria or slime bacteria are differentiated from the

other bacterial grouj:s by virtue of significant morphological properties

llhich warrant this separationCt However~ certain traits are common to

other groups of organisMs, and this has caused some speculation as to

the phylogenetic relationships of the myxobacteria" The following

paragraphs describe these characteristics and briefly present their

possible ou·t;side affinities to other microorganisrnsl")

~yxobacteria form Gram-negative, rod-shaped, veget~l"(,ive cel18 0

In this respect they resemble some members of the order E\lbact~ria1~so

However, they multiply by constriction and lack a cell wallo They are

flexible ~s are membe.rs of the order Spriochaetales ~ Flexibility is a

major criterion for the initial identification of the aquatic ~xobacter1a~

Individual cells may show a peculiar spinning motion, hanging from the

surface of a drop by {)ne end and rotating rapidlyo



HOV7ever:: the mechanism of l'ocol11otion is st1.11 an unsolved

All members of the o~der produce a reproductive unit termed a

Veget.ative ~ells ma~y be tapered at one end but more often th9Y

are cylindl"'ical 0 The length of' cells varies considerably among different

species and within a single cloneo Cells as short as 3 microns and as

long as 20 microns ar13 common/".

Organisms have been l)bserved to move at a rate of 10 microns

Per minutec-.
- 1

I
pl'oblem,~ 'rheJr have nl) flagella,~ 'l'his peculiar creeping motility is

I
a.Iso char-ac1ieristic of the .Cyanophyceae and Beggiatoacea<; 0

1

I

miFX'C)cyst eJccep·!:. for :nembers of tha .f.:unily Cyt.ophEl.eaceae, The rrdcro ...

i

\~:Ypt cCJrref.>f. onds to t::le spOl"e 3tagl-~ of member's of the order Eubacteriales

but differs in its lI~od(-! of fo:r>mat.ionlJ It is considex'ed ·i~{) be formed by
I

a ~ho:!ote.ning e.nd thic~(ening of th€ C€}.1. and is not formed ~lithin the
I

!

ceil as ar8 endospore3~
i
I·
i ~'jy a11 myxobacteria. with the ex-

(:ept,ion of members of the gen0:."a Cy~opl~:.ige:: and ~porocztoj2~agac These
I

I

sti"uc c.1H"e,~ x'c;suJ. t froll' the combinf:ct effox't.,s of t.he Ci"lr.:.S3 of v€getat,iVOS

I
G~~ls acti~g as a unit~ This conc8xted action of individuals toward a

I

c1.ai"'inite ti:~nd is commo:J to i;,he !~~~~i~ ~lhich~ however!) have rllneboid

I
I~eli..}.s (ThCl,:K"t,er;, 1892) 0

r-·:yxobacteri2. are ~..ddeJ.y distl'ibuted e They ha.ve been found in

so:lIs throughout the 'A'orld (B2'eed et al:) 194A) Sir! compost and sludge

(S~ngh:1 194'7)9 and l-a:·:-asitic on phjrtopathogens (Kononenko~ 1937) ..
I

Ambng the &.quatic menibers of the order1 one species has been described

as! parasitic on Cladophora fra~ta (Geitler~ 1924)e- other aquatic types



.~

have been implicated in fish diseases (Ordal and Rucker, 1944;

~arnjobst9 1945; anc Borg, 1948)0 Two marine members have been studied

by Stanier (1942)0 Humm (1946) described one marine form o

The purpoE.e of this investigation was to study the marine

members of the ordez' Myxobacterialeso To this end, various methods were

u~ed to obtain marine sampleso Isolation techniques w~rp. designed to
\

obtain as wide a var'iety of representatl've species as possible 0 Diverse
I .

phYsiological and mcrphological types were then selected for further
I .

characterizatfon of nutritional requirements, biochemical properties,

ahd enzymatic activity. .' ,

COLLECTION OF MARINE SAMPLFli

I Samples of marine origin wer~ obtained from a number of sources

ld by a multitude of .techrdques in an attempt to isolate as wide a

vkriety of species as possible. Fresh samples were obtained from the
I .

Pprt Orchard and Port Madison Bay regions o In additio~, samples of

a~edJ stabilized sea water were obtained from Dr" C" Ao Barnes o The

lrtter samples which were 2 to 3 years old were obtained from the Beau­

ffrt Sea. located north of Alaska. Their past history is availacle.

They represented composite samples of some 20 to 40 stations each,

chllected at g~aduated depths up to 3000 meters or more. The samples

r~presenting a depth range of 50 to 300 meters were selected for in-'
I

vestigation after careful appraisal of their past h1storyo They came
i .

from a depth in which the density increased very rapidly compared to
I· .'.

the density above o Thus, the depths from which they were obtained
I .

acted as a sedimentary shelf for the water.above~



The samplen which were obtained from the Port Orchard and Port

Madison Bay regions Hert:) .collected by a variety of techniques and

devices which includE!d: the orange-·peel bucket, a modified' Emery-Dietz

c9rer, plankton ~etss a piston core sampler, and sterile water sampling
!

bottles.:.
I

t

The oceanographic vessels BROW~ BEAR and ONCORHYNCHUS were
I

I

used for field trips~ and the former' vessel was equipped with the

nJcessar,y bacteriological facilities~
t

ISOLATION OF FURE CULTURES

The questicln arose) as it does in any problem which involves

the isolation of a rE!presentative cross section of a group of micro­

olganisJIIs. as to whether myxobacteria were present in each sample; and
I

1£ they were present in a sample, was the medium used for isolation
I

I
aqequate to support t.heir growth? Therefore, a wide variety of media

atid plating techniques were employed for each aample o It was felt that
I

Itis approach would s.void the selective properties inherent to a single

medium, and hence provide a more representative group of isolates o

I Solid media were prepared and included the folloWing additions

to a sea water base and to 'a s,ynthetic inorganic base: peptone J tryptone,

Ibeef extract, yeast extract, serum, glucose~ and either gelatin or agar o

D~f£erent concentrations and combinations were used o Subsequently, it

w~s found that a sea water" 1 0 0 per cent agar basal medium which was
I •

s~PPlemented with O..,oS per cent each of yeast extract, beef extract,
I

artd tryptone" 't,}ould s·upport best growth and the widest variety of micro-

Iorganisms 0



In addition to the solid mediaj eru'ichment media were usedo

They contained a sea water or inorganic base supplemented with either

agar9 chitin j cellulose~ gelatin~ or soluble starchc

, Samples were plated on the above solid media or seeded into
i

tije liquid enricl:unents o Myxobacteria were observed from all of the
I
I
I

Beaufort Sea samples which were studied and from samples obtained at
!

ail of the six stations selected in the Port Madison and Port Orchard

BfY regio~s, However, mwxobacteria were not observed in all of the

four to six different samples taken at each of the six stationso The

tlp sediments and bottom water samples usually contained myxobacteria,

w~ereas the bottom sections of the core samples and most of the surfac~
I

plankton drags did not containmyxobacteria o Myxobacteria could be

i~olated from the Port Orchard and Fort ~~dison samples by direct plating

~ contrast to the Beaufort Sea samples which requir~d initial enrichments

ptior to plating.

On. the basis of the forms which were observed during th~ course

of this inve6tigation~eightstrains were selected for further characteri~

z~tion of p~operties since they represented apparently different species

Jd were representative of the f.orms observed. They were designated,

JspectivelY: BSl, BS2. 003. 8s4. POl, PQ2, P03, and 1'04. The history

of each isolate is discussed in the next sectiono

Stock cultures were kept on slants which containedg sea water
!
Itr volume. 1,,0 per cent agar and 0.0$ per cent each of beef extrac"t,

yeast extract9 and tryptoneo The latter supplement will be referred to

a~ cj-tophaga" supplement, and the medium as Sea Water Oytophaga Agar•

. ,



CuJ. t.ur'GS were transf(~rred every 10 too 15 days and \-1ere :incubated at

HISTORY OF lJ1HE ISOLA'lIES--_.- - -- -----
Cultures BSl and BS2 'Here isolated from the Beaufort Sea

c~mposite sample which represented stations 1 to 30 at a depth of 50

to 100 me-t,ers e The initial enrichments liere made on a sea \"later medium

which contained chi-lijn prepa.red from squid..pens 0

CuI tUI'I.::8 BEi3 aTld Bs4 't-Jere isolated from the Beaufort Sea

cOlnposite sa~71ple which represented stations 1 to 26 at a depth of 200

to 300 meters u Both of these iflolates l.;ere obtained from chitin en-

richments: 1333 from an inorganic Jn8diurn supplementod with squid-pen

chi.tin.., and Bs4 from a sea water basal medium supplemented ,~it:h squid-

P(~r.', chitin .•

Culture POl was isolated :trom Port Orchard Bay from a "'later

sample ob't.ained Hith the J-Z bact.eriological l'later sampler (J It rapre­

son-ted a bot-:;om water sample taken i.n }~O meters of \t1a"/:,er· 0

C~lture F02 was isolated from Port Orchard Bqy' from a core

s~l1plH obt/a:Lned ,dth the F.mery....Dietz grav:ity...type core sampler (\ The

core length tTaS 65 CIt,,; bottom ~'as L.2 meters o

Culture P03 was isolated from Port Orchard Bay from a water

srunple collected with the J-Z bacteriological water sampler~ The s~~ple

l:;as obtained at 20 metsrs in 42 meters of water ..,

Culture FOu. was isolated from Port Orchard Bay from a mud

sample obtained with the orange-peel bucket at a depth of 22 metzrs~



Young cultures usually showed a ·predominance of longs slender

~ .

CI~RACTERIZATION OF THF. ISOLATES
. .

Cytolog:·.cal and Morphological !nvest1gations

Vegetative Cell

Variation in size of the vegetative oell among individuals of

a ~lone is apparently a function of the oonditions of growtho The age
I
I04 a culture 1» the conc:entration of s~bstrates!J and the consistency of

thb substrate are s OrnE} of the factors which govern size range 0

I

I
rdda and occasional fj.lamentso Flexibility was markedo However~ some

I .
cultures 'showed a conedderable proportion of short rods and coccoidal

eJements at the earliElst stages of development. Bizarre forms were

,esent in aged cultures and could be confused with typical microcysts.

Plate I~ figure 2 demc,nstrat.es involution forms in contrast to micro..,.

I
cJists shown in figures 3 and 40

I The effect of nutrient concentration and substrate consistency

oj vegetative cell moI'Phology is discussed by Stanier (1947). An un~
ralorable medium favored thE' development of shorter cells which are

a1geative of a small, nonmotile. Gram-negative, true bacterium. A

1 lper cent agar base permitted the development of longer cell forms and
I

a~so of filaments s whereas a 2 per cent agar base favored the develop-

ment. of shorter cells,.

Consequentl~~J prior to measurement of vegetative cells~ the

C+ditions of growth flhould be defined. Measurements of the eight

isolates (see Table 1) were made from young cultures which had been

gJown on plates conta:i.ning the Sea ~later cytophaga Agar mediUIII.



TABLE 1

C~,;tlturf3

Number
f;·ize
~m:Lcrons

Shape fhotomicrograph

~._-_.._------------------

-----------

BSl

BS2

1383

Bs4

POI

P02

j"03

F04

0::5..0,,7 x 2 0 5=6 rounded

O::.5~Oo7 x 2 t5~.,8 rou:nded

O,~5&>O, '1 x 2,.5,,·4 TO'U4"lded

O~5=O~7 x 200~·3 tapers

Oo5'-=O~7 x 205~6 i:"ounded

0 0 4.::.0,=.6 x 6~0~20 rounded

O"4,,,·O~6 x C:oO~20 :rounded

Oe4~Oc6 x 2c 5..6 rounded

Plate I~ fig,) 32

Plate Is 3
fig<~ 1

Plate 1.9 figo 22

Plate 1I9 fig" 1

Plate II~ fig a )4

Plate II,? fig,) 44

Plate 113 fig~ 2

....----...-

.- "

1.

?,-.

3

}1easurorneni.s were made on ll'Od.ay...old to 2..,.day....old cultures tt/hich
had befHl gl'o'\in on petrl plates containing a sea 1I1ater 1 per cent
agar base plus 0 0 0$ per cent each of beef extracts yeast extract,9
and tr::l1:)'t,one~ Cultures were incubated at 100 Ct) to 1So Co Pre =

parations \"Jere made by placing a slTk1.11 piece of agar on a glass
slide and covering with a cover sl:tpQ A binocular;; oil-:i.rnmersiol1 SJ
phase microscope equipped with a caJ. i.b):·ated micrometer w~s used(l

Plate :L:J figures 2 and 3 demonstrate involution forms and
microcy~ts~ respectivelyo

Plate !, figure 1 shows involution forms.,

Plate lIS! figures 3 and 4 show habit pat.terns obtained from im­
pression smears of' young cultures fI Filaments are alao present:'l



Flexibility, Motility and Swarming

Degrees of llexibility of ·t,he vegetative cells are seen in

young cultureso The photomicrographs shown in Plate IV~ figures I and 3

demonstrate the numerous ns"~ "un, and "loop" cC?nfigurations which may

be! present(1

I The rate of forward movement 'Was measured o Some cells were

obkerved to move at an average rate of 10 microns per minute o Stanier

I •(1f}40) desc:ribed nty:<:obac-cerial motion. as a slow, even gliding in one
I

di~"ection with none of .the rapid direct,:Lonal changes assoc~ated with
I

the motilitj- of the flagellated organisms o
I

I TyPical maS:3 s'tiarming 'was observed for all cultures 0 Plate III
I

dekonstrates this chaL"acteristico Figures 1 and 2 were taken arproximately

1 \10ur aper·~o This silort period excludes the possibility of outward
I

co~onial growth as a r~ause of colonial movement o Figure 3 demonstrates
I

e. typical m~xobacterial edge; figure h shows the pathways formed in the
I

c.gpr by an c:gar-diges·cer;
I
I

Fiprocysts and Fruiting Bodies
• I· ._- •

Conflicting opinions which c].r:Lse concerning the presence or

E.b;s;~nce of microcysts could be due to their resemblance to ring forms 0

!

Comparison of Plate 13 figure 2 with Plate I~ figure 4 and with Plate IV,

figure 4 shows the difference between ring forms and microcyets; respective-

l~u The later photomicrographs should be compared to Speyer 8s (19,3)

p~cture of the microc~rsts of Sporocytophaga myxococcoideso Confirmation
I

of[ microc.yst formation should show an increase in numbers with age j and,
I

.~ p06sible, germination of the microcyst~ The ability to form these

I

• ·10<=



~.

- ,

structures is greatly retarded ~;;ith age of t.he cul·ture a.n::] by serial

transfer on artificial mediao

Microcysts were: formed by cultures P02~ F03, ana by all of the

Be~ufort Sea isolates a

'rr:u1-tiplication)~ Reaction, and Granulation

Multiplication is tr~lsverse by constrictiono 'rhus j the
I

di~iding end of the daughter cells may be tapered (see Pl~te 19
I

I
figure 2)0

!
I

I All of the isolates l~ere Gra.lll-negathe 0 Granulat: on was

ol:.:served in the electron microscope (see PIa'he IV:J figures 1 ~!nd 3) <)

Biochemical and fhysioJ4ogical Characterization

Biochemical a.l'ld physiologi.ca.l charact.eriz~.tion of :r:;c,f~ers of

the order MYxobacteriales has la~gec far behind morphological studies o

I
Th~s section of the investigation r€presenta arl attempt to recognize

d:i}rerential biochemical and physiological characters of the isolates"

I
Table 2 lists the composi'l:,e results!:

I
Ni~rate Reduction

I
I The isolates were grown in a sea water OQ2 per cent agar base

which contained 0,:,1 per cent KN03 pJ.U5 cytophaga supplementc-. Cultures

we~e incubated at 100 Co to 1,° Co for 8 days~ The standard test for
I
i

nit~lte was usedo F~cept for cultures BS2 and ~Sl, all of the isolates

re~uced nitrate to nitriteo



11

.... '\

TABLE 2

GENERAL CHJ\RACTERISTICS OF 'rHE ISOLATES1



Gelati~ ~iquefactio~

Liquefaction of gelatin was observed in a medium which can.....

t.ained 15 grams of gelati.n per 100 mI., sea water-:-. Cultures ·were

incubated for 3 days £l.t. 10° Cr. to 15° C~, The four PO isolates liquefied

gelatin; the BS isolates did not,)

?tarc~ Hydrolysis

Hydrolysis CIt fltarch was tested in a medium which contained:

senli=solid agar, inorganic salts~ an amino acid supplement of approxi-

mately 22 commercial emino acids~ a vitamin supplement of approximately

12,connnercial B vita.mlns s cytophaga supf'lement~ and soluble starcho

Cultures were incubat~d at 100 Cc to 15° c~ for 10 daysQ Iodine was

used as the test agent... Culture,s POl and poL. were positive; the other

cultures 'W'ere negative '.'

Ce~lulose Utilization

The agar and starch wez'e omit.ted fr.om the starch hydrolysis

test medium listed abcve 3 and cellulose 'was added in -rJhe form of filter

paper or as a preparation obt~.in€d fi:'OM t..he mats produced by Acetobacter

~y~inurn (Dickerman and Starr$ 1951) ,', AlI cultures were negative(>

Chitin Degradation

The medium used for this t.est contained the Sea ~'!ater Cytophaga

Agar base supplemented with a 8uspensiotJ of chitin ~repa.red from squid-

penso Dissolution of the suspended chitin was observed 'for the PO

cultures onlyc<



Agar Liquefaction

Cu1tl~e FOU liquefied agar readily on all media containing

ag~r.~

Sodium Chloride Tolerance----------
This test was performed in a liquid basal medium similar to

that, used for starch hydrolysis., Increasing concentrations of NaCl

were added to the agar-free medium~ Table:3 lists the results o
i

CaI~ohydrate Utilization

This test was performed in a complete medium supplemented with

app~oximately 0 0 1 per cent of the sugars listed in Table 40 utilization

of the sugars was tes1:,ed for by quantitative measurement of the amount

disappearine~ according to the method of Saffer et al (1941)0
I

Catalase

Catalase was determined by the addition of 3 per cent .hydrogen

peroxide to a streak plate 01" the organismjJ and by the 8:ddition of a

suspension of the orgnnism to the peroxide o All of -the isolates were

ca~alase positive except for cultures F02 and P030

Cytochromes

Cytochromes ·were determined with a hand spectrophotometer o

A strong cJrtochrome c band was observed with cultures POl.)o P04~ ES1:>

BS3;; and Bs40 No hmcl could be·detected for cultures P02 and P03"



TABLE 3

RELA~~IVE GROHTH IN 'lm PRESENCE OF NaCl

%NaCl BSI BS2 ES3 Bs4 POI P021 P031 P04

0 +- +e:t ++
i-

Onl + + ++

~

0 0 4 + + ++ ++ +++

leO ++ + ++ ++ +++

!- 2 0 5 ++ ++ ++ ++ .f- + + ++...

40 0 ++ ++ ++ ++ + + + +++

6 0 0 +.,. +- +- +

8 0 0 +...

lOcO

1,
P02 and P03:; 0 0 2 cent agar added to mediumo!

per

..

- 10



•
TABLE 4

UTILIZATION OF CARBOHYDRATESl

Sugar BSl BS2 BS3 BS4 POl P02 P03 P04

No sugar 14/- ,0/- 14/=- 14/- 50/- 50/- 50/- 14/-
I

Arabinose 5/86 ,/0 8/1 8/54 24/2 26/2 26/1 6/54
50/35 50/0

Xylose 14/0 50/0 . 8/3 8/0 24/2 26/3 26/1 5/11

Glucose 5/91 10/8 8/82 8/12 24/15 26/8 26/0 8/19
50/42 50/54

Fructose 5/80 ,0/0 ,/, 8/3 24/0 26/2 26/0 8/65
14/,0 14/52 50/12

Galactose 5/12 S/8 5/61 8/34 24/0 26/2 26/0 6/66
,0/11 50/9

Lactose 5/91 ,0/0 8/81 8/64 50/0 26/0 26/0 8/14

Cellobiose ,/92 '50/0 8/0 8/12 24/52 26/0 26/0 6/92 .

Sucrose 5/86 8/3 10/0 8/32 24/0 26/2 26/0 8/11

1 Numbers indicate: d~1's incubation/per cent sugar utilizedo
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.Cytocbrome Oxidase

Cytochrome oxidase was d'etermined accordj.ng to the method o:t'

Keilin (1929) Q A posi ti."IE- reaction was noted for cultures BS19• BS3;)

BS4, and P040 Cultures F02 and PO) we~e negative"

Anaerobic Growth

Cultures were grown on complete mediao Brewer anaerobe jars

were used to obt,ain and maintain anae:robic conditions 0 The air was

replaced. bj" hydrogen c'.nd 5 per cent carbon. dioxidco Anaerobiosi.s was

determined using a mEthylene blue 9 alkal:i.~ and glucose indicator o

Aer.obic cont,l"ols gre~ well within. 5 daysi~ No anaerobic growth was

evident ul1der the cor.eli tions of thp ,~xp£i:iments0 CuItures which were

incubated anaerobically for 8 day's 3.:.'1d 'I'lhich showed no signs of gro·wvth

"ere subsequently inc:uba.t~d under :i;srobic conditions:l Growth was

evJ.dent in 5 aayso

Nutritional Studies

The ailailable l~terat,ure Which dealt 'til tb the nutritional

requirement.s of member.s of the or-dar ~obacteri~les revealed no

distinctive characteristi(;s common to the group as a whole~ Apparently,

heterogeneity of nutritional requirements is concuri,"ent with their varied

habitats and universal distribution as it is 'With other bacterial orders o

An attempt 'Was made in this 1=art of the i.'1.veatif!:ation to determine the

minimal nutritive requirernel1t.s of the isolates 0

A syhthetic: inorganic ,base was developed Which supported

growth of all of the isolfl.tes upon the addit.ion of cytophaga supplement
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and carbohydrate n Th~ synthetic inorganic base contained: (grams per

190 mlo solution) NaGl, 2,,5; KCl, 001; K2HP04n3H209 On08; MgS0401H20, OCl04;

(NH4)2S04s O~OOlJ and FeC1306H20, OoOOOl~ The complete medium had a final

pH of 1 0 2 to 704" All experiments to be described were done in this

pH range c

The isolates fell within four well~derined categor1eso

Table 5 summarizes th3 nutritive requirements of these isolateso Their

minimal requirements '~ere satisfied by an inorganic base plus a carbo-

nydrate or by a synthetic mixture of amino acids in a nitrogen-free

inorganic baseo
I
I Cultures P02 and P03' did not grow in liquid media which were

ro:tated~ and they gre'iJ poorly in liquid media which were incubated' un'"
I

disturbed Q Growth was enhanced by the addition of a semimsolid agar to

a ~ynthetic medium~ Table 6 summarizes the nutritional requiraments of
1

these isolates o It should be noted that the minimal requirements. i

cotrespond to those of the previmls group except for the effect of a
I

semi-solid Bubstrate on growth Q

I
I
i The growth requirements for cultures BS3 and Bs4 were similar o,

They could be grown on a synthetic medium containingg amino acids 9

car'bohydrate s and th1amin o Table 8 summarizes the result,s of several
I

experiments which were designed to show the requirement for thiamino
i

Cultures nSl and BS2 toth had a thiamin requirement which
I

could be demonstrated in a complete medium containing: carbohydrates
i

c~ophaga supplement 9 amino acids s and vitamin supplement minus thiamino

I



TABLE,

NUTRITIOri'AI: RF..QUIREf-fEi-ITS OF CULTURES FOI AND P04

Additions to thE! B~sal r~ediurl11

:1 0 No additions

:2 0 (~IH4)28°45 0 0 0001 per cent

30 (NH4)2S04s 0 0 1 per cent

4tJ Glucose or lact.ose, 0,;;1 tio 0 0 5 per cent

5c 2 + lJ.
I

.6 0 3 + 4

i7" Amino acid supf,lement, 0,,1 wl/IOO m1 3

:8 0 Amino acid supr:lel'1ent, 1 0 0 ml/100 ml

90 4 + 7

100 4 + 8

+1" Vitamin supplen:ent, 1 0 0 ml/IOO ml3

i2 0 2 + 4 + 1 + 11

Relative Grol,rt.h
POI po4

+

+

... . 2 High concentratior..s of inorganic nitrogen plus a carbohydrate
supported growtho

3 Amino acid and vtt.amin supplements (see Table 7)1}

4' High concentrations of amino acids supported growth alone o

5 In the presence of car~ohydrates, low concentrations of amino
acids supported bE~ttel"' growt~ than high concentrations 0

6: Vitamins did not E~nhance grOlvtho



-rABLE 6

tJUTRITIONAJJ REQUIREMENTS OF CULTURES f02 AND P03

Additions to the Basal Medium1

1 0 No additions

2 0 Casein hydrolysate;} 0 0 00.5 per cent

3<. Casein ~ydrolY'satej OClDl per cent

4~ Caselll hydrolysate~ 0,,04 per cent

~f-' Vitamin supplement;} 1 0 0 ml/100 m15

6" 2 + 5

7'.1 Glucose~ 0 0 .5 peT cent

8" Amino acid supplement,\) Oel ml/IOO m1S

9" 1 + 8

10 0 9 + cytophaga s"Urplement~· It'O mI/lOO ml

Relative Growth

++

++

+....

1. Basal medium.1) grams/IOO ml: 2~5, NaCl; 00>1, KCl; 0 0 08, K2HP04"'3H20~
0 0 04, MgS0407H20; O~OOOl, FeC1306H20; 0,:001, (NRu)2S04; and
0.,2 9 agar o

2 Growth occurred in the inorganic base in the presence of casein
hydrolyaatec

3 Vitamin supplement did not enhance g~owtho

4 Cytopha.ga suppleme:-1t enhanced growth in the p:-esence of glucose
a!1d ami.no acids o

5 Amino acid and vitamin supplements (see 'rahle 7) 0



TABLE '7

MfiNO ACID SUPILEMENT &1D VITA~IN SUPPLEME~T

per cent

---""- ,

per cent

L...hist,idine·: HCl

1-asparagina

1....argininec-HCl

D1=alpha alanine

L-hydroxyproline

1=J.eucine

DLc.lysineoHCl

D1=methionine

DL=phenylalanine

L""proline

DL..·serine

DL-threonine

1-t.yrosine

I··tryptophane

DL.....valine

DL... isol£'ucine

0 0 0006

Oc,OO,

Oc'o06

Oc004

OeOOU

Oc-004

0(;005

Oc.005

De oa5

Thiaminr,oHCl 0 0 05 x 10...3

Niacin 0 0 1 x 10....3

Ca pantothenate 00 05 x 10-3

Riboflavin Ocr Ol x 10=-3

Pyridoxine <:HCl 0 0 02 x 10=3

Fyridoxamine~HCl 0 0 01 x 10-3

p-Amino-benzoic acid 0<;01 x 10-3

Biotin 0 0 2 x 10...6

CholinecHCl 1 0 0 x 10=3

i-Inositol 1 0 0 x 10=3

F'olic acid 0 0 1 x 10....6

Vitamin B...12 OgOS x 10=6

L-"glutamic acid OoOS

Stock solut.ions of the 8J'1ino
~cid supplement we~e made in
concentrated form and used at
the rate of 5 ml/lOD 1111 solu­
tion to achieve the finc:.l per
:.::ent of each indicatE'd c:.bove~,

Stock solutions of the vitamin
supplement were made in con­
centrated form and 'lsed at the
rate of 1 .... 0 rol/IOO ml solution
to achieve the final per cent
of each indicated above¢

-. -.i -



NVTRITIOii!AL REQtlIREfl:W:I'1'rS 0:" CULTURES BS3 AND Bs4

J\.c1dition.~ to ~::.h€ Base.l Nedi.wnJ. Relative Gro·wth
e.a-_'__"~__' ""o__'__~ ' _

o ~.'

2 ~.

No Q.dditions

Amino acid supplements O~l to 0»5 mlllOD m16

::.::~ vttamin sup'pl,er.~ents- 1 0 0 ml/l00 m16
I

I~'J Glucose O!' lact.cse 3 00.)5 pei:" cant
:

:5 ;. C~vtophc.ga sUPPl.ement.!! 1 0 () ml/100 ml

(), 2 + 3

2 + 3 I ,'"

.~ 4 -:. ~/

++

')
+++,",

iQ( ,;,

I

:UO ..
I
I..[;

..:~ ......

7' mini1s th:1 amix:

i~ + "f.:,hiamj.n~! 0 .. 1 lqg!lOO mJ.

~o ·f .:1,.,;"""" n('o'lr "'1{·1r'iQ·.·.=a·" ...
<"\... _In....JAv ~ ......... :j"'1'l'"'-.,"""I'--_:'4U.~• i) ,,5 ml/100 m.l

~......__ ...,-----_ ..----_._,_..~--_.__.-....•...__._-._.-~.-------.-."",- ..--------
",

2

3

.8asal :nadi".un, g::-l3.r,.s!10C I/l~ SCI:L'l\"(iion,1 2 ... 5;) NaCl; 0 0 1, 'KC1,
O.. 08~. :i{2HP04:3H~~O:' O')OL~ ~!gsOL!..:·7H20.~ 0,,0013 (NH!.t)ZSOLF
;?nd 0 0 0001) F'-eC1·?~611'?O(:

Addit.ion of e3r1~QJ)t..i':.ga suppl·em'Bfl-G to the cornpJeta meditUll enhanced
growth.,

r'
.J Am'inQ acldfl euhal?(.ed the t.hiamin efi'ect o

6



The organisms used were selected fron: the eight isolates

The following basal medium was used for growth of mass cultures:

~.

... II

Addition of thiamin to this medium9 which did n~t support growth, gave

growth 0 Cult.ure BSI did not require the cytoph:ga supplement, whereas

culture ES2 required the presence of cytophaga supplemento Table 9

summarizes these result5~

Enzymatic Activity

th~ problem of carbohydrate utiliz~tion by studying the enzyme systems

of.lseveral of the isolateeo

I .Orgarusms

I,
de~cribed in previous sections: BS3~ BS4.9 and po4o

I

Me~ia Used

I
i
I
i .

Na€ls 20 , per cent; K2HP0403H20, 00 08 ~er cent; MgS04a1H20, 00 04 per oent;
I .

(NH4)2S04' 0 0 001 per cent; FeC1306H20j 09 0001 per cent; yeast extract,

beef extract, and tryptone, 00 0$ per cent each; amino acid supplement,

00 1 rnl/lOO ml; and vitamin supplement, 0 0 5 ml/1OO mlo One-tenth per cent
I

glllcose or fructose was added '~o the basal mero.umo



TABLE 9

NUTRITIONAL R~UlREMENTS OF CULTURES BSI AND BS2

Additiona to the Basal Mediuml

1 0 No additions
I
~o Glucose or lactose, 0 0 5 per cent

.3 0 Amino acid supp:.ement, 0 0 1 ml/1OO ml6

I
40 Vitamin supplement, 1 0 0 ml/100 rnl6
I
I

5u Cytophaga supploment, 1 0 0 ml/IOO ml

Relative Growth
BSI BS2

2 + 3 + 4

2 + 3 + 4 + .5

1 minus thiamin

2 + 3 + 5 + thiamin 0 0 1 mg/IOO ml

Thiamin, 001 mg/IOO ml$ lactose, 001 per cent.;
amino acid supplement9 0 0 5 ml/IOO ml

+

+

.... 11

llo 5 + 10
!
i

I
6' Amino acid and vitamin supplements (~ee Table 7}0

+ +
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Enzyme Preparation

Cells were harvested and washed in phosphate buffer (pH 60 8,

11/?-0) 0 Extracts were prepared by grinding equal parts of cells and

levigated aluminao 1he mixture was Buspended in five parts of phosphate

,buffer and spun down in the Sorve11 centrifuge for 30 minutes at

lq,OOO rpmo The supernatant was used immediately or frozen prior to useo,

I·
De~errnination of EnZj~ Systems

Hexokinase and fr~ctokinase were determined according to the

method of Klein (195:)0 Phospnohexoseisomerase was determined according
i

t~ the method of Roe (1934) and Meyerhof (1933)0 Phosphofructokinase

arid aldolase were det ermined Mcording to the method of Sibley and
I

LShninger (1949) 0 Glucose...6-p",10sphate dehydrogenase and 6-phosphogluconic
I

adid dehydrogenase were determined according to the method of 1tlarburg

eJ al (1935, 1937).

I
R~su1ts and Discussicn of Enzyme Systems

The enzyme systems and the isolates which were tested ar~

listed in Table 100

An active f~stem which catalyzed the reaction glucose (0) to
I

giucose-6-PhOBPhate (G-6-p) in the presence of adenoBinetriphoBphate

(ATP) was found in bClth glucose and fructose grown cells of the three

c~tures testedo Table 4 lists the quantitative data which represents

g~ucose and r~lctose utilization by these cu1tures o In addition, the
I

ebzyme system which l:atalyzed the reaction ,fz'Uctose (F) to fructosecl ....
r

i

phosphate (F-lc.p) in the presence of ATP was teated for in glucose and
I .

fructose grown cells of cultures Bs4 and po4o

I



TABLE 10

ENZYME SYSTEMS INVESTIGATED

CUltures -Tested

Bs4 P04

Bs4 P04

Bs4 P04

Bs4 P04

Bs4 P04

Bs4 P04

Bs4 P04

Bs4

BS3

BS3

BS3

BS3

8PS o Spo

1 1 0: glucose

2 G-6-P: glucoae...6-:;:>hosphate

3 F2 fructose

4 F-6~p: fructose-6-phosphate

5' TP: triose phosphate

6 6-PGAs 6-phosphogluconic acid

7 Glucokinase ~d f~lctokinase: both glucose and fructose grown
cell-extracts were testedo

8 . PS o Spo: Pseudom~1as sacche~ophila used as a controloI .......__

9 Splitting enzyme: Fntner ar.d Doudoroff (195'2)

=26<1:



Substitution of diphosphopyridine nucleotide (DPN)

,Ia

'..

Evaluation of the results (see Table ll) indicated that several

hexokinases may exist which differed mainly in their affinities for G

and F0 The investiga';:'ions of Klein (19,3) showed similar evidence for

different hexokinases in Pseudomonas putrefaciens o

The next se~=,ies 0.:- reactions which were investigated were those
i

involved. in the conve::sion of 0-6....p to triosephosphates (TP) 0 The three,
I

enzyme ·systems implicated were phosphohexose.isomerase:; phosphofructokinase:;, .

and aldolase o They catalyzed the respective reactions~ G-6-P to
I

Fc6mp to F-l,6-p to T:P o Enzyme preparations which were tested gave
I

POfitive evidence for the presence of these systems. Thus, the glycolytic

enzyme systems as established for yeast, some bacteria, and mammalian

tirsue were present in all of the isolates tested. The steps involved

·the conversion ot glucose and fructose to triose phosphates o

i The observation that aerated cultures gave increased cell

yi$lds suggested the :9~ssibi1ity of an alternate oxidative mechanism
!

op~rating in carbohydrate utUizat10nQ

The enzyme 3ystem which catalyzes the reaction, Q-6QP to

6-phosphogluconic acid (6-FGA), was studied 0 Culture Bs4 was selected
i

fo~ study of the specificity of this reaction which was followed in the

B~Ckman sp~ctroPhotomater (see Figure 1). The· addition of triphospho~
•I

pyridine nucleotide ,(TPN) to· the reaction mixture which contained. the

enzyme preparation, G..6=pJ and buffer gave the calculated change in

optical densitYo
i

fdr TPN was ineffective'o However, if TPN was added to the reaction
I .

mixture which contained the inactive DFN,·a change in optical density was

IoQserved o Thus, the specificity of TfN for this enzyme system was
I . .

e~tablishedo



TABLE 11

GLUCOKINASE AtlD FRUC'rOKINASE ACTIVITY OF po4 AND Bs4

SUbstratel

=
Glucose, initia:.

Glucose:!! final

Fructose" ini·liinJ.

,t lrructos€ , final

It'ructose2 Glucose3 Fructose4 Glucose'
grown grown grown gro\'ln

po4 Fo4 BS4. Bs4

26 c S 28,,0 2803 34 0 0

13e3 70 0 9c.3 6 0 3

31 c O .,... e. 22 0 0 33~O'_00",1

31~O 20 Q ) 10,,0 21 0 8

1 Substrate: numbers ar·3 micrograms per ntl ~

..,
L. Fructose grOrln P04: strong glucokinase activity and no

fructokinase activityc

3 Glucose grown Fol~: st:('ong ,glucokinase activity and weak
fructokinase activitYo

4 Fructose gro-nn Bsh~ s'crong glucokina.se activ'ity and strong
fructokinase activitYn

5 Glucose grown Bs4: strong glucokinase activity and weak
fructokinase activity~

,.



FIGURE 1

SPECIFICITY OF 'rFN FOR G...6...F DEI-IYDROGl!1~ASE OF CULTURE Bs4
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1 Beckman quartz-cuvettes were! used: The reaction mixture contained
in a total volume of 3,,0 ml: 20 3 rnl of Tris (hydroxymethyl)
aminomethane buffer (M/20~ pH 80 0), 001 ml of G=6~p (405 micromo1es)~ .
0 0 5 ml enzyme pI'eparation, and 0 0 1 ml (100 micromoles) of TPN 0

2
DPN 'V7as substituted for TPN as described in note l~ No change in
optical density WE.S noted()

3 TPN was added to the reac~ion mixture 9 described in note 29 at the
time indicateda . .
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The next re<>..ction. s'c,udied 'Has -t,he step v7hich involved the SUDe.

st.ratE 6-PGA (see Fir::ure 2) 0 :·:t ·~l.3.S shown t.o be DPN specific by

methods simj.lar to tt.e a...Scoop dr;Jhydrogenase reactiono

An. attemp·ti 'r-jas made iiC d\3termine t.he end product or pr-oduct.s

of the DPN specific (:. ... PGA dehydrogenase syst.em 0 In order to a vQicl ·t.he

adClition of stoichion:etric almnlnts of DPN to the reaction miArture which

1"10uld enable identiftcation of the product of the reaction, the react·ion

l~as coupled to a num1: er- of otl1E!r systems 'Which included: alcohol

dehydrogenase; mE~'~hjt](~ne blue J and yellow enzyme v Pentose could not
I

be detec:ted o The anaerobic split of 6-PGA to pyruvate did not. l'1ork(}

A control which inclu.ded Pseud~~~ saccharophila gave a positive

pyruvate test as exp€cted~

In summar;V·) thl,~ isolates tested .had a glycolyt,ic system uhic:h

operated in ·~he utiljzation o~ glucose and fructose to triosephosph~l:t€:SI)
I

In; addition., culture Bsh posse~ised an oxidative mechanism 'Which involved
1

a r,rP~I specific glu.coser.6<>,phospbate dehydrogenase and a DPN specific
I

I

srstem t-1hich acted or. 6~·PGA/) 'jlhe product of the latter reaction has

not been identified.,

.... 30...



F'IGURE 2

3.PECIFICITY OF DFN FOR 6w> FGA DEFn:DROGF~N hS;; OF CUL'rURE Bs4

10981632).
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1 BeckIllim quartz=cuve':,tes were ',lsedc The reac:t.ion mixture contained
~n a total volume o:~ 30 0 ml: 2:-6 ml of Tris (hydro:r-methyl)
raminome.thane bu.ffel" (M/20~ pH £L)O)" 0:)1 Tnl of 6·..roA (405 micromoles)j)
po2 Jill et'l..zyme prepa~~ation~ and O~l m1 (100 micr.·ograms) of DPN o

2 rrPN uas subs'cituted for DPN aa described in note l~

optic,~l density was not.ed c·

No change in

3 bFN (0.,05 ruS) 50 mi(~rog:rams o~~ .one...half the amount llsed for curve 1)
was added to the reaction mixture described in note 2 at the time
indica:t.ed o

\
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SUWlIARY

"The over-all objective of this investigation was t.o attain a

general understanding of the marine members of "the 'order My-.i:obacteriales,)

The approach to this problem necessitated the ::.solation and character"i-

zation of representative species o

types were selected for characterization of prope.rtieso They were

+presentative of the Jl\VXobactel;'ia observed during the course of this

s~~dyo They were chcsen on the basis of general properties which in-
I

c~uded: colonial characteristics and pigmentc.tion, microscopic cellttlt:l:"
I

~i.fferences, action on agar, and by 'cbe preser~ce or absence of rnicrccy::;'i.iS {l

I

. I Characterization of the eight isolat.es was baaed on studies

Jhich included: cytological and morphological investi.gations, bio-
I

chemical and physiological differentiation, nutritive requirements ~ 8.:";.''::

Ienzymatic activitYo

I



Cytological and morphological investigations showed typical

myxobacterial charact.eristics for all of the isolateso In general, they

were slender, Gram-ne~gative rods whi~h possessed a considerable degree
G

of. flexibility and gliding motilityo Colonial slITarming was evident o

!

Microcysts 'were preSE;nt in some o

Minimal nutritive requirements of the isolates ranged from

tHose species which could be grown on a mineral nitrogen base plus a
I ". . '

carbohydrate to thoSE! species which., in additioI:9 required amino acids and

Iti' and to those species which required chemically undefined growth

factors 0

I
I Fnzymatic studies on three of the isolates showed a.typical
I

glycolytic schenie o In addition, an oxidative system was presento The
r .

oxidative scheme of one of the isolates involved a triphosphopyridine
. I
ndcleotide-specific glucosea6-phosphate dehydrogenase and a diphospho-

I

i
pjridine nucleotide=fJpecific system which acted on 6-phosphogluconic

Iaeid o The end produc:t of the latter- reaction was not determinedo

I On the bas:,s of these ~ifferential characters. five different
i

Ispecies were recogni~~ed among the eight isolates studied o Taxonomic
! .

positions for these species are recommendedo The three marine members
II .
! =33=



of the genus Cytophag(~ which had been described previously are considered

also 0 Pending further investigation of fruiting body formation by .

freshly isolated stra:Lns, ,the eight myxobacteria studied can be classi­

fie,d in the following manner (Breed at a1, 1948):

Z.'amily 1 0 Cytophagaceae

Genus 10 Cytophaga

Diagnosis: F1exLble:J sometimes pointed rods, showing a creeping
motilityo No ~ruiting bodies or spores(microcysts)
forml3do

From so:LIG

From sea water v

Ao Liquefies agar o

1 0 Starch utilized~

a o Cellulose utilizedooooooooooo~lo

10

110

Bo

b o Cellulose not utilized Q oooooo o 2o

20 Starch not utilized o

a o Nitrates reducedo

1) Gelatin liquefiedooooooooo3o

b o Nitrates not reduced o

1) Gelatul not liquefiedo oo oo4o

AgaJ:e not liquefiedo tJ 0 0 000 (0 0000000000005'0

Family Vo Myxococcaceae

Genus IV 0 Sporocytophaga

Cytophaga
krzemieniewskae
Culture po4

Cytophaga
diffluens

Cytophaga
sensitiva
Culture POI

Diagnosis: Micrc)cysts formed loosely in masses of slime among the
vegeo,:,ative cells o Fruiting bodies abeento

10 Catalasc~ nega,tiveoQooOOOOooooooocooooooooolo Cultures F02
and P03

110 CatalaS(3 positiva 0

Ao Nitj:"ates reducedo 0 I) 0000000 <I 00(0000000024)

Eo Nit~:-ate5 not reducedo0000000000000000030

Cultures BS3
and Bs4
Cultures BSl
and BS2



PHOTOIvlICROGRAFHS

Plate I

Figure 1 0 Culture BE30 Thr(.~e days oldQ .Impression mounh!J 'Stained
"1ith basic fuchain f. Note :involution forms and
microcysts o 1600x,,

Figure 2 0 Culture Bs4~ Three days oldo Impression mount o Stained ~ith

basic fuchsin':) Not(;J involution forms and cells
in the process of division by constrictiono
1600:;(0

Culture BS2 0 TbI-ee days oldr.
basic fuchsin o

1600=<0

IropressioI) mount (I E·tained with·
Round bodies are microcystso

Plate II

Impression mount o

Shows microcysts o

stained with
16oOxo

I

Figure 2 0

I

I
I

Figure 30
I

I

I

i

Figure L.o

Culture PClt)

Culture F02 c

Culture PC30

Four daJra old Q

basic fuchsin(,
150Oxo

Four da:irs oldy
basi.n fuchsin <)

Four days oid o

crystal violet o

1500xo

Two days old,)
basic f1.lchsino

Impression mount~ St.ained ·'iic.h
ShONS slender vegetative cells.,

Impl:'ession mO'lmt c. Stained wi,~h

ShONS vegetative cellso l,OO:iCt:>

Impression mount. c. Stained wtt,h
Shows ~ypical habit patterno

:Cmprf~ssion mo·unt o Stained wit.:1
Shows habit patt~rn~ I600x~

.. ?

Plate III
I

Figures 1 and 2 0 Culture FCJ<o 1~wo jays old ll .:\ colon~7 edge~ Ficture,3
wer-€; taken .1. hour apar;~, directl~·· from petri
plat.en Note sw~rmingo 140xr..

Figure 30 Culture PQ2 Q

I
I

Figure Q.(J Culture 1'04D
-.;;---~-------

Seven days ~ldo A t;yp.ical colony edgeu 160x;>

(f(,TO dayEJ olj 0 !Jot£~ pa.thways formed b;r this agar
digester (. L60x.,



PHOTOMICROGRAFHS (continued)

Plate IV

Figure 1 0 Culture POlo') Three days o1d o F.tlectron photornicrograph o

6000x o

Figure 2\l Culture P040 Three days old o Electron photomicrograph 0

6000x o

Figure 30 CultuI'e P02 0 Three da.ya old o Electron photomicrograph 0

~ 6000x o

I

Fi!gure 40 Culture P030 Three d.ays old 0 Impression mount o Stained with
crystal violato Shows microcystso I500x o
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